
Potential Effect of Stand Structure on 
Belowground Allocation 

Thornas J. Dean 

ABSTRACT. St,>nd 5tructure dfft ct \  two k c y  variablcc, tlidt affect bioriiass allocdtron to the stet,, leaf 
area and llcrght to the center of ttic ( rown By tr,>nsl[~t~ng ~v~nc l  forces lrito a ber ld~ng rliornent, ttiesc 
var~ables gencrdte tlendrng \trc?,\ wrtliiri ,I stciri Thr. urilforrn strcss dxrorn of .;tel-i\ forr'r~,itro~ ~ ~ 3 ~ 7  kli. 
uscd to calc~llate current sterrl n l ~ l s5  for ,I grv('11 t)clldilig rriOltle11t <it\d Stc'll> ~3llocatlOn for changes 
beriding rrtoitierit over a tinlr. pthrloci Stc'rii <IIloccttion prot,nhly d f f e ~ t s  allocdtlon to flnc roots slr7c-. the. 
<ten? precedes thc root sy$tc.ni osi tlirL c t i , l t r l  of carbohydrate s 1 n k 5  'ltid totdl net prln?ary productlorl 
1s a l~near functiori of leaf ,ireci Tl i tc,  study ~rltllrectly supports tttls Irnk between stand strrjctljre ,jnd 
belowground allocatron A rcgre>>ron ~no t l c l  b,-lsed or1 ttie r c l ~ i t ~o r i s l l ~p  hctwccn bending rnornent arid 
stern ;illoctitron ~xpla~r iec l  98% ot 111i2 v ~ i r ~ ~ j t i o r i  rn \tc]ntl ICV(II S ~ C I ~  prc)tjuctior~ of 13 yr old l o t l [ o ~ l ~  prrle 
( P ~ n t ~ s  trteda L ) plantairon c;ut~jccted to fd~tor id l  co r~ l l~ i r l a t lo r i~  of rrrlgatron and fertl l~ration F\irtht.r 
rnorc, relatrvc frne root allocation wac, 1rivcr5c.ly related to relatrve sterii al locat~on and 1ncreasc.s in 
apparent 1)encling stress Corrc~spontl~iig ~tc,\ociatrons bctwt.cxn bcnt l~t ig stre5s m d  reldtlve ,jltoc,~tiori 
between the stcn? dnd flrirl root5 dp(x'dr to  XI\^ for otller S ~ C C I C S  /)rOvldlnj', ~ltl(jltl0rlal ?,tipport for tllf, 
proposctl llnk Foit S( i 11711) 60 70 

Key Words. P~ncrs t,3c(l,,. i~nrforl l i  \tic\\ ,luiort~, cnrbon ailoc~jtrori f i ' r t i l ~ r ~ l t r ~ n  



( 1  III(~L,I 1 I ,I/ J 111 c ~ ~ ~ ( ~ ~ l ~ o l l  ! l r l ( '  1 0 0 1  ,111Oi .llloll I\ , i l \ O  *I 

i I llliLil ~o l l l ~ l ~ l l l 1~ l l l  0 1  1 ,I1 llilll I I < I \ ~ * ~ I  131 1IC c \ \  l l l ~ l~ l r l~  ll1.11 

\ l l l 1 1 l l l l ~  \ 1  \ \ l  \llill 1110~11 ' I \  I l . i \ i .  ill<' ~ 7 ~ l l i 1 1 1 1 < 1 l  01 

f ( l l ~ ' ~ , l \ I l l l g  l > l O t ! l l ~  I I O I I  Ill l V \ ~ > O l l \ ~  1 0  c l l i  ~1'1<'111 \ L ' ~ ~ ~ I ~ I I L ~ ' \  0 1  

llllllll~ 01 \ l l \ l 1 l l l l \ l l , l l  l l1~~ll l l l1~ll l \  0 1  1 0  i l l , l l l i~<~\ Ill \Oil 0 1  

1 l l l l l ~ l l c ~  I I O \ \ C \ 1 > l  lIll\ ~ ) 0 1 < ~ l 1 1 l , l l  I \  \ < I  I<> I>(> I < ~ ~ I I I / ~ ~ ~ I  l > c 1  <l11\1 

o f  1I11' r1l,il11111\ (11 I l l c , \ c  111ot l i ' l \  t o  \IIII~II.II~ 1111' i 1 1 l j i 0 1 1 . 1 1 l l  

f ~ l C I O l \  lll<ll lllflll1ll1i~ illl(> I001 , l l l ( > L  8 1 1 1 ~ ~ 1 1  

1 111111 \\ <11<.1 .iilil Illlll li'Ill\ 1101 O l l l \  ,11 11 1 1  1111' lIl<l\\ 1><11 

c ~ ~ ~ < c ,  01 l t ' \ O 1 l J L L '  t t ~ ~ j t ~ ~ \ ~ ~ ~ o ~ ~  0 1  I I C L ~ \  I>III <II\o L ~ l l c s ~ ~  1111 

\ 1 1 1 l < l 1 1 r 1 ~  of lllr \l<lll(l \ l<il l~l \ l l 1 l < l l l l 1 ~  L < l I 1  l l l l L 1 Y l  lo 11111~ 

1 0 0 1  ,1\10< .I11011 11\111!! \1 \ ( ' I~ I~  . l j > / 7 1 o . l i  111 \ 17111 l i t ( ,  llIo\I tt'lli'l '11 
' l ~ > ~ > l o < l c 1 l  . l~>pi3<ll\ 1 0  I>c o l l < x  lI1,ll 1 1 ~ l < 1 1 1 \  \I1 Ill \\ O O < l  Ill1 l< l l l1~ l l l  

ro t i l i ~ i l l . t r ~ t ~  '11 n t . ~ ~ l \  of tlrc ( r o \ \  11 \111it1,1l  \ 1 r 1 \ 1  IIIC IL~IIICII~ 

I l o  L 1 1  I I I I I I I ?  17111 

Kci\ll.l\\ , ~ ~ i t l  121,1(11111~ ( 2 0 0 0 )  I C ' ~ ) O I I  111~11 ill<' 1 t o \ \  \L'C 11o11, i l  

' 1 lL . l  Ill1 11~111<~l11 131.1 l l 1 l l l  i O l l , 1 ~ ~ 1  I l l  \\ 1-\1c Ill I>< l l l I O 1  L I 1 \ l I ? ( l  

I J i  li 1 O / l I l \  //(I l<'ll 1 \ d l  !! 1 )  ,1111l l~, l l \~ l l l l  I l l  ( \I)/< 5 l ~ ~ l l \ ~ l l l l ~  11 

1 I ] \Ill1 ) \ <ill1%\ \\ llll I!< 1) \ I / L >  1 0 1 1 \ 1 ~ ( ~ 1 1 1  llll\ llll\ < l [ 3 [ > l < L l 1  I1 

\ \ 0 1 l I t l  l 1 Y ] l l l l r  <I 101 Ill1 I1 Ill 11) < 1 1 i ] l l \ I  1 0 1  I t <  1 \ I / < \  \ l l l l~>Il 
~ ' l l l ~ l l 1 1 " l l  11'I.111011\I11~1\ I 7 l  I\\ i ' C  ll i l o \ \  I t  \I/<' .111(I \I1 Ill \I/<. 

1 0 1 1 l d  l l<~ l l \ l e l  I0 I l l lL  \l<lll(i \ l l t l <  f l l I C  ,lll<I 1>1-10\\  L ! f O t l l l < I  klllo 

L , l l I O l ~  I Y l I  \ I1111 l c l , l l l ~ ! l l \ l l l ~ ~ \  < l l L >  \ \ i . < l L  \\l11>11 1 ~ \ l 1 ~ l ~ 7 o l ' l l ~ ~ ~ l  

I \ l  l l l 1 ' 1 1 L  0 I I \ I 1 I I 1 ' l l 1 1 \  1111' 

r i i c ~  II,IIII~ .11 ICI~I I I~I~\ I~I I~ I>L>I\\ isi'ii 1111' i IO\\  11 &111d 1 1 1 ~  \1 ( '11 i  ]>.I\ 

\71L311 \110\ \11  1 0  111111011111\ L 1 l l l l \ \  1 0  I \\ ldi' I c l l l L ! L '  O f  Il<'1' \l/i"- 

Ill l ~ l ~ l ? 1 ~ ~ > 0 l 1 ~  ] ) l l l i >  f / l l l l l f \  < 11111,111~1 \ , \ I  l , / l / / ~ ~ / l l l  I l l ? 1 ~ l l l l  ! 

( l ) c  <ill <lll<I I 0 1 1 2  I O S O  I 1 \11  I < I O l i  l lll\ I C~l~ll lol l \ l l l~> lll<l\ , I \ I ~ I \  

1 0  <I I > l O < l ( i i ~ l  l<lll~lr OJ \1.1111l \ l l l i 1  llll1~\ \ \ l l l 1 0 l l 1  lilt ll1,<Yl 01 

~ l i l ~ l l ~ l l l l 1 ~ l ~ 1  1 . 1 ~  I<\!\ 0 1  1I1c l l~ l~ l l< l l l~ ! l l \  0 1  1 l l l~>ll I1 ,ll 1 ~ ~ ~ 1 l ~ l i I O l l ~  

I .1I I10II11I ( l j  \ \ ( \ 0 ( 1  l i ' i l l l l l i 11 1 0  1 0 1 1 1 1 1 ~  1 \I 1 1 1 ~ 1  l O l < i ' \  I \  'I 

I~II~~IIOII 01 1111, li'.ll .111',1 Ilii' 1 1 1 ~ '  ll.i\ . I ~ ~ ~ I I I I ~ I I . I I ~ ( I  c ~ ~ ~ t I  111~' 

\ ~ ~ 1 1 1 1 , l I  ~ l l \ l l l l 7 l l l l i ! l l  01 11-<11 , l l L > < l  011 1 \11  \ I1111 \11111, llli. 1 0 l ~ l l  

. l l l l ~ ~ 1 r l l l  (11 I ~ l O l l l ' l \ \  ~ 3 l O ( l l 1 1 < ~ l  Ill <I \ l<l l l~l I\ < l ~ l ] ~ ' l l ~ ~ l 1 l l \  <I l l l l<~<ll 

Ill111 11011 of \I<ll ld l~~<l i  <I1 1 .I ( ( ,I!\\ 1 I <,I '11 I 'lo? \ll>8111L!ll 1.1 Jl 
1 0 0 s )  I O ~ I I  ~ ! l o ~ l t l 1 l l ~ ~ l l  I\ ~ ~ ~ ~ l 1 ~ l l l l < l l l \  / l l l l l l 1 ~ ( ~  I>\ 1111~ />/I\ \ I C < l l  

l l ~ ~ \ l l l 1 ~ l l l c ~ l l l \  0 1  Ill(, I~)ll,l!!i~ I Ill<, I O O I  [ > l O < I l l L  l loll \l101111l 171. 

c \ ] ) < 3 1  l,lll\ \1~ll\lll\ 1% t i )  Ill<, ~ 1 l 1 1 0 1 l l 1 1  0 1  I><,\\ \ > ~ ~ ~ 1 1 1 ~ 1 \ \  l l i ~ < Y l 1 Y l  i0l 
I l l L C  I l , i l 111 '11 \ 1 l \ > ~ > O I l  of 1111, L lo \ \  I1 l ~ 1 Y < 1 1 1 \ <  lllll I O O l \  , l Ic> .ll lIl1> 
~II\I~II C I I ~  01 1 1 i c ~ c  ,III)OI>\ ~IIJIL, \OIII{ c \ I I I ~  IIC~I\\ OIL ( k o / l o \ \  \LI 
l o o . ? )  ill l l l \c l \ l~ l C l ' l l l o l l \ l l l ~ l  I 7 < ~ 1 \ \ 1 i ~ l l  11~l,lIl\1~ \llLlll t l l l o~< l  
I l O I l  ' l l l ( 1  11~1,111\1~ < \ l l i l i < l 1 l ~ l l 1  I0 l l l l i *  l O ~ I l \  1 l 1 ~ l ~ l o l l \ l l ~ l l i ~ ~ l  I>\ 
\'l!l l~ill lorllo ( I O S ' l l  1 0 1  <I l l l l ~ l l l > c  I 01 l l o l l l l i ~ l l 1  1 i l l 1 ~ l 1 ~ l 0 1 1 ~  

\lrcbi i t \  i l I ~ ~ I I L .  I I \ ~ I I~ )O I I \  1111 p o \ \ ~ l t ~ l i ~ \  111.11 11111% IOOI 

. r l l o c . ~ r ~ o ~ i  I \ IIIIIIIL~ 1 i \  IIIL. ~ I I \  \IL .il I L ( ~ L I I I L  I ~ I ~ I ~ I \  ol ~li i '  \11,111 

<I\ ~I<>IL I l l l l l 1 1 ~ ~ l  I>\ \1'1111l \IT L l 1  11Il1* 

1 111' [ > I  I l l 1  11>,1I 0 \ 3 ] i 3 1  ! I \  1' 0 1  [ I l l \  \ 1 1 1 ~ \ \  I', 1 0  1 \ clll~tl~l' 1111' 

IX)\\II>IL. 1 1 1 t h  I ~ c f i ~ \ \ i ~ i ~ r l  \ 1 ~ 1 1 1 i l  \IIIILIIIIL' <111~1 11111' l o o t  ,IIIOL.I 
lli!ll 1 I111 pol1 llll<ll ll l lh 111 1\4,L I1  \ l , l l ld ~ l l 1 l 1 1 1 I l 1 ~  ,111d IlllC 1 ~ 1 0 1  

<ill01 ' l f l 0 l 1  1 \ r \  < l l t l , l l 1 ~ ~ l  \\ 1111 1 l < i l < l  l l ~ l f l l ' l 1o l l l l o l l ~~~ l  /I< Id \ l O d \  

0 1  1111, 1>l i~~<l \  <)I ~ ~ ~ ~ l l l l l l l l l l  \Oil \\*111,1 ,111d l l l l l l l1~l l l  ,l\<ill'll~llll\ 
011 1111 i ? I O \ \  Ill 0 1  lot>loll\ 1 7 I l l 1  5 l < l l l ( l  \ \ I  1 l L l l l l 1  I \  1 , \ 1 > l C \ \ ~ ~ i l  I l l  

I c  I Ill\ 0 1  IllC ,1Ill01I111 .illel ~ l l \ 1 1 1 l ~ 1 1 1 1 0 1 1  0 1  li',ll <III',l [ > e l  I IL ' i '  <1110 

I \  l l ~ l l t \ l < l l < ~ < l  l l ll~l 'I < 1 l l l l l l l  I l l \< I l l (  , 1 ~ 1 l l 1 ~  (11 I>L lldlll!! \ l l1 \ \  

i 1 c ' ~ 1 1 1 ~ 1  I> \  1.111 1.11 \\ i ~ i d  I I ~ O \ ~ ' I I I L  111 t l 1 1 o l 1 4 1  IIIL \1.11itI 1 1  \I~II~CI 
\1I 111 11111 .ill1 1 t \  11111 1 0 0 1  ,11101.111011 1111011?l1 I t \  1 ' l l i Y  I\ (111 

\ l L ~ I I l  , l l l o c < l l l o l l  lllC I<  I.lll\.' ,illllllllll 111 I l l O i l l ~ l \ \  , l l l O i . l l ~ ' < I  I0 

1\11 illl1, I 0 0 1  \ \  \11> l I l  \ll0lll~l lli Ill\ 1 I \ (  I \  11~ l ,111 ~i I0 l l l1~ . l l l ( l 1  <I 

IIOII 1 0  \i i.11) \ i o o ( J  11151 1111, 1 IIIII~I~,III\L I > ~ ~ I I ~ I I I I L ~  \ ~ I L ' \ \  

S t e r n  allot ; ~ l ~ o n  ('',,) 

Figure 1. Fine-root allocation in relation to sterri allocation for a 
nlrrnber of northern coniferot~s species Allocationto both biomass 
components expressed as a percent relative to total net primary 
production. Data frorii Santaritonio 11989) for closed stands. 
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Table 1 Test results for the effects of irrigation. fertilization, and 
the i r  irrteraction on  t h e  nonl inear  curve f i t  of 

to steni prodt~ction during 1996 for loblolly pine plantations 
yrowing in Scotland County, North Carolina P5 = steni procluc- 
tion [kg tla y r - l ) ,  

2: = cumulative bending morrrent at the beginning of 
1 1  

1 9 9 6  for tree j t o  k (rn3/ha), 

( I M ) j  = cutnulatiue change in bendinc~ rnotverlt during 1996 
j;1 

(n1"lial. I and F = indicator variables for irrigation and fertiliza- 
tion, respectively (absent = 0, present = I ) ,  to to t5 = regression 
coefficients, and e =  error. Significance of t3 to t!, determinedwith 
the general linear test approach. 
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1011<1111011\ 1111\11'\1'1 \ /10111t !  ~ ) I O ~ I I ~  L' .I (~I\IIIILI ~~I>I>L\ I  ~>oIII~<! loblolly ptne p lar i ta t~ons growtrig 111 S c o t l ~ t i d  Co i~n ty ,  Nor th  
Carol~na Line f t t ted w t t h  o rd~na ry  least sqtr,jrrs 
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Table 2.  Treatment riiearis and P-values for the  effects of irr igation and ferti l ization c l t~r ing 1996 on the curtitrlative 
bending moment  at the  beginnicig of the  growir ig seasori (M,]), the  c t~mt l la t ive  change i n  bendirrg naoriier~t dctririg 
the growir ig seasori ( \M), relative stein allocation ( r , ) ,  and relative f ine-root allocation (r , , ) .  Data collectetl f r om 
loblolly pine growing in  Scotland County, No r th  Carolina, and arialyzed w i t h  the linear model for a r;r i~tlomized 
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Figure 3 Change in cunit~lat ive bending riioment during 1996 ( \ M )  as a function of cuniulative bending rnornent of 
the plot at the start of the  1996 growing season IMo) for loblolly pine plaritations growing iri Scotlnrld Cor~nty,  Nor th  
Carolitla Size of symbols represer~tsrelativeallocation of total net primary production to  fine roots la1 and sterri wood 
( h l .  

Figure 4 Fine-root allocation in relatior) to  steril allocation for 
variously treated loblolly pirie plantations growing in Scotland 
County, Norl l i  Carolina. Allocatiori t o  both bioniass components 
expressed as a percerlt relative t o  total net primary production. 
Line fitted wit11 ordinary least squares. 
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Stem allocation (%) 
Figure 5. Fine-root allocatior~ i n  relation t o  s tem allocation for variously treated radiata pine plaritations at t he  
Woodti i l l  Forest i n  N e w  Zealand. Allocation t o  b o t h  biomass conrponents expressed as a percent relative t o  total  net  
pr imary production. Symbols refer t o  the  number of trees per hectare of the  stands i n  whict i  al location was 
determined: H = 2222; M = 1483; L = 741. Treatments used i n  th is study were the control, g round cover of Lupinus 
arboreus, fertilized, and ground cover of L. arboreus combined w i t h  fertilization. Data f r om Beets and Whitehead 
11996). 
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